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p://dx.doi.org/10.1016/j.cmi.2015.03.020Intercontinental travels play a signiﬁcant role in the spread of
speciﬁc S. aureus clones, such as previously shown for the
community-acquired methicillin-resistant S. aureus USA300
clone [2]. The Hajj Muslim pilgrimage to Mecca is the largest
annual mass gathering in the world; there is great over-
crowding, leading to a high risk of transmission of pathogens
between pilgrims [3]. Transmission of S. aureus has been mainly
described in household and hospital settings associated with
overcrowding [4]. To our knowledge, only one study has
examined S. aureus carriage in the Hajj context; it showed a low
rate of methicillin-resistant S. aureus carriage [5].
The aim of this study was to assess S. aureus nasal carriage
dynamics and genotypic diversity among a cohort of French
pilgrims departing from Marseille, France, to Mecca, during the
2012 Hajj season.
Nasal swabs were systematically taken from each participant
in the month before they departed for the Kingdom of Saudi
Arabia (KSA) (pre-Hajj samples) and in the 3 days before they left
the KSA (Hajj samples). In a number of cases, additional nasal
samples were taken in the KSA at the onset of respiratory
symptoms (also named Hajj samples). More details have been
described previously [6]. For this study, only pilgrims who had at
least two samples, including the pre-Hajj sample, were included.
Total nucleic acidswere extracted from nasal swabs as previously
described [6], and frozen at –20°C until analysis. No bacterial
culture was performed. DNA templates were tested for S. aureus
by quantitative PCR targeting the spa gene [7]. Positive nasal
samples were sequenced, and spa types were deﬁned with Bio-
Numerics software v 6.6 (Applied Maths, Sint-Martens-Latem,
Belgium). Overall acquisition of S. aureus nasal carriage during
the course of the pilgrimage was deﬁned: (a) by a negative pre-
Hajj sample and at least one positive Hajj sample, or (b) partici-
pants being considered to have acquired a new strain (harbouring
different S. aureus spa types in pre-Hajj and Hajj samples).
Detection of respiratory viruses was performed with speciﬁc
real-time RT-PCR [6]. Categorical variables were compared by
the use of non parametric tests (IBM SPSS V20.0 (SPSS, Chicago,
IL, USA). p-Values of <0.05 were considered to be signiﬁcant.
Of the 169 participants enrolled in the cohort, 158 (93.5%)
were included in the study. The mean age of participants was
59.6 ± 12.2 years. The sex ratio (male/female) was 0.65. Ninety-
two pilgrims (58.2%) reported suffering from at least one
chronic disease [6], such as diabetes mellitus (n = 43). Eighty-
ﬁve participants received antibiotics for respiratory symptoms
during their stay [6]. The carriage rate was 46.2% (n = 73) at
departure and 36.7% (n = 58) on return. Ninety-eight partici-
pants were carriers (Fig. 1): (a) 40 participants were carriers
according to the pre-Hajj sample, and were subsequently non-
carriers—the intake of antibiotics in this group was similar toious Diseases. Published by Elsevier Ltd. All rights reserved
FIG. 1. Flow chart of nasal carriage state in Hajj pilgrims. 1At least one sample positive for Staphylococcus aureus. 2Participants who acquired S. aureus
during the course of the pilgrimage, i.e. negative at pre-Hajj sampling and subsequently positive during or after the Hajj. Among these participants, four
were sampled twice in the KSA, and each harboured one different clonal complex (CC) at each sampling (i.e. CC1-CC80; CC6-CC5; CC6-CC398;
CC1-undetermined). 3The sequence of the S. aureus DNA recovered in the Hajj sample was incomplete, and the spa type recovered from the pre-Hajj
sample was undetermined.
CMI Verhoeven et al. Staphylococcus aureus carriage in Hajj 650.e6that of other participants (p 0.82); (b) 25 participants had a
negative pre-Hajj sample, and subsequently acquired S. aureus
carriage during the course of the pilgrimage—among these,
four participants had been sampled twice during the pilgrimage,
and acquired S. aureus with different spa types; and (c) 33
participants had both positive pre-Hajj and positive Hajj sam-
ples—among these, 21 participants had similar spa types of
S. aureus in pre-Hajj and Hajj samples, and one-third (n = 11)
had different spa types in pre-Hajj and Hajj samples (Fig. 1). In
one case, comparison of spa types from pre-Hajj and Hajj
samples was not possible, as one sequence was incomplete. The
overall acquisition of S. aureus was therefore 22.8% (36 of 158
pilgrims). The acquisition of S. aureus was statistically associated
with the acquisition of respiratory viruses (10/25 vs. 26/133, p
0.03). Molecular analysis of S. aureus spa genes in pre-Hajj and
Hajj samples is summarized in Fig. 2 and Table 1. The S. aureus
strains acquired belonged mainly to clonal complex (CC)45
(21.6%), CC398 (13.5%), CC6 (10.8%), and CC5 (8.1%).
CC398 was signiﬁcantly more prevalent in S. aureus strains
acquired during the pilgrimage than were CCs already present
at departure (5/37 vs. 2/73, risk ratio 4.93, 95% CI 1.01–24.2, p
0.04) (Table 1).Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and InThis is the ﬁrst prospective analysis addressing the genetic
dynamics of S. aureus nasal carriage at the Hajj, where over-
crowding provides ideal conditions for person-to-person
transmission of infectious agents [3,6].
The overall rate of S. aureus nasal carriage was nearly 60%, a
high rate that is usually observed in longitudinal studies [8]. At a
given time (e.g. at departure or on return), the observed
S. aureus carriage rate was concordant with the literature [1],
including in the Hajj setting [5].
In this study, approximately one-third of participants ac-
quired S. aureus nasal carriage, and one-third of carriers, ac-
cording to spa typing results, acquired a new strain of
S. aureus. This overall rate of acquisition of carriage was
similar to the one recently reported in long-term-care facilities
in France, where overcrowding is often present [9]. Acquisi-
tion of S. aureus carriage was found to be associated with
acquisition of respiratory viruses, in accordance with recent
data showing the role of pathogen interactions in S. aureus
carriage [10]. Dispersal of S. aureus has been shown to be
signiﬁcantly increased after experimental rhinovirus infection
[11], and rhinovirus was the most frequent virus found in our
cohort [6].fectious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 650.e5–650.e8
FIG. 2. Dynamics of Staphylococcus aureus
nasal carriage in a cohort of pilgrims from
France to the Kingdom of Saudi Arabia
(Hajj pilgrimage 2012): minimum spanning
tree based on the spa repeats of 104
S. aureus DNA sequences, including
S. aureus acquired during the course of the
pilgrimage (red) and S. aureus already car-
ried by pilgrims at departure (blue). Spa
types are indicated in the bubbles. Clusters
surrounded by grey correspond to the
main clonal complexes (CCs) deduced
from the spa types. The bubble sizes are
proportional to the number of S. aureus spa
types according to the scale given. The
distance between S. aureus spa types cor-
responds to the number of different re-
peats: bold line (1), line (2), dotted line (3),
grey dotted line (4), and light grey dotted
line (>4). *This bubble includes one
sequence belonging to spa type t095. **This
bubble includes one sequence belonging to
spa type t5635. ***This bubble includes one
sequence belonging to spa type t6704. Six
S. aureus spa types with incomplete se-
quences are not included.
TABLE 1. Dynamics of Staphylococcus aureus nasal carriage in
a cohort of pilgrims from France to the Kingdom of Saudi
Arabia (KSA) (Hajj pilgrimage 2012): distribution of clonal
complexes (CCs) or sequence types (STs) deduced from the
spa types identiﬁed in pre-Hajj samples (France) and Hajj
samples (KSA) on the spa repeats of 104 S. aureus DNA
sequences
CC or ST Spa type
No. (%) of
S. aureus isolates
from:
France KSA
CC1 t127, t693 2 (2.9) 1 (2.8)
CC182 t493 1 (1.4) 0
CC22 t005, t223, t309, t8506, t852 7 (10.1) 2 (5.7)
CC30 t012, t10307 6 (8.7) 2 (5.7)
CC398 t5635, t571, unknown 2 (2.9) 5 (14.3)
CC45 t015, t026, t031, t095, t230, t331, t550, t6100 14 (20.3) 8 (22.8)
CC5 t010, t2164, t688 1 (1.4) 3 (8.6)
CC59 t216 1 (1.4) 0
CC6 t701 1 (1.4) 2 (5.7)
CC7 t091 1 (1.4) 0
CC8 t008, t037 4 (5.8) 1 (2.8)
CC80 t044 2 (2.9) 2 (5.7)
ST126 t605 2 (2.9) 0
ST707 t1537 1 (1.4) 2 (5.7)
Unknown t11928, t6704, t8099, t8457, t9276, unknown 24 (34.8) 7 (20)
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Clinical Microbiology and Infection © 2015 European Society of Clinical Microbiology and InfectWe developed an original protocol allowing the identiﬁca-
tion of S. aureus at the spa-type level directly from total nucleic
acids puriﬁed from the nasal specimens. The typing results
revealed that participation in the Hajj increased carriage of the
CC398 clone, which is emerging, notably in France [12]. This
suggests that travel and gatherings may contribute to the spread
of this clone. The other spa types identiﬁed in pilgrims who
acquired S. aureus belonged to various CCs that have already
described in this geographical area [13].
There are some limitations of our study. First, data on the
persistence of S. aureus carriage the return to France are
lacking. We may hypothesize that pilgrims who have acquired
carriage may become persistent carriers, as half of them
showed high bacterial loads in nasal samples (not shown) [1].
Second, strains were not available for antimicrobial suscepti-
bility testing to better determine the epidemiology of S. aureus
acquired during the Hajj.
In conclusion, this preliminary study shows a high rate of
acquisition of S. aureus carriage in pilgrims following participa-
tion in the 2012 Hajj, involving, notably, the emerging S. aureus
CC398. The results of this small-scale study illustrate theious Diseases. Published by Elsevier Ltd. All rights reserved, CMI, 21, 650.e5–650.e8
CMI Verhoeven et al. Staphylococcus aureus carriage in Hajj 650.e8inﬂuence of mass travel in the spread of infectious agents that
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